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PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a fine feature article by which a three- 
dimensional feature with high feature resolution end a 
large aspect ratio can be produced. 
SOLUTION: The method Is carried out by using a neg- 
ative resist and a transparent member for the substrate 
to be coated with the resist, and by exposing the re- 
sist riot through the resist side but through the trans, 
parent side via a grey scale mask. Thereby, problems 
relating to the flatness degree and surface roughness 
of the resist surface can be solved, and a fine three- 
dimensional feature having a large feature height dl- 
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Reference 1 (JP 2004-280017 A) discloses in sections [0001] - [0025] as follows: 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention manufactures a metallic mold about the manufacturing 
method of the minute shape thing which used the gray scale mask based on 
the method of carrying out formation creation of the cubic shape on resist 
especially using a gray scale mask, and it, and relates to the manufacturing 
method of the minute shape thing which manufactures a minute shape thing 
using this metallic mold. 
[0002] 

[Description of the Prior Art] 

There are the conventional methods, such as the machining method and 
etching processing, a method of using the gray scale mask in which the 
manufacture technique has been established in recent years, etc. in the 
manufacturing method of a minute shape thing. Although the machining 
method was in use, in the microlens array as which detailed and highly 
precise cubic shape is required, conventionally Highly-precise-izing, The 
method of using the gray scale mask manufactured by extension of the 
photolithography used as the art which the demand of minuteness making 
and array-izing increased, and matured in IC relation in recent years is 
becoming in use. 
[0003] 

The method of using a gray scale mask vacates and arranges adhesion or a 
certain amount of interval to the positive resist which manufactured the gray 
scale mask with the shade gradation of a multiple value and to which the 
mask was applied on the substrate, and via a gray scale mask. The resist of 
the place which performed shade exposure which had gradation in the 
positive resist and where light hit strongly by the development after that is 
the method of acquiring mask concentration and cubic shape with 
correlation, when the amount of resist removal which it was removed 
mostly and became thin and upon which light struck weakly remains thickly 
few (for example). Refer to patent documents 1 . 
Although the method of giving exposure with a binary mask from the 
substrate side using negative resist, and performing shape generation is also 
devised, three-dimensional shape is not supported (for example, refer to 
patent documents 2.). 
[0004] 

[Patent documents 1] 

JP 2002-323747 A (the five - 6th page, Fig. 5) 
[Patent documents 2] 

JP 2000-103062 A (the 12th page, Fig. 10) 
[0005] 
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[Problem(s) to be Solved by the Invention] 

By the method of using the gray scale of the actual condition which 
generates three-dimensional shape on resist, it exposes via a gray scale 
mask using a positive resist from the resist application side side. In this 
positive resist, generally, thick- film-izing is difficult, restriction arises in the 
size of a thickness direction, and shape generation of not less than 50 
micrometers cannot be performed easily substantially. In order to obtain the 
high definition shape which requires high resolving, it is necessary to stick a 
mask to resist but, and. Since it is difficult to apply the display flatness on 
the upper surface of resist good, between a mask and resist. Since the shape 
which uniform shape generation cannot be performed but is done that it is 
hard to obtain resolution high since an uneven crevice is made becomes a 
resist upper surface standard, SUBJECT reflected in the shape by which the 
display flatness and surface roughness on the upper surface of resist are 
generated occurs. 
[0006] 

(The purpose of an invention) 

This invention solves an aforementioned problem and an object of this 
invention is to provide the manufacturing method of the minute shape thing 
in which the three-dimensional shape generation also with a big aspect ratio 
with high generation resolution is possible. 
[0007] 

[Means for Solving the Problem] 

In order to attain the above-mentioned purpose. Use a transparent member 
for a substrate which uses resist of NEGATAIPU for resist in a 
manufacturing method of a minute shape thing of this invention, and applies 
resist further, and exposure by exposing via the transparent substrate side to 
a gray scale mask from the resist side Display flatness of a resist surface, A 
problem of surface roughness is conquered and detailed three-dimensional 
shape generation of shape where shape height measurement is still larger is 
attained. 
[0008] 

[Embodiment of the Invention] 
(A first embodiment) 

This embodiment explains the case where a lens shape thing is 
manufactured, as a manufacturing method of a minute shape thing. First, 
how to form a lens shape part on resist is explained using drawing 1, 
drawing 2, drawing 3, drawing 4, drawing 5, and drawing 6. As shown in 
drawing 1, a spin coater is used for one one side of the transparent substrate 
5 which consists of glass materials, and the negative resist 4 is applied to it. 
Thickness which applies the negative resist 4 is made larger than the 
thickness of the lens formed on the negative resist 4. then, the cooking 
temperature at 100 degrees - a for [ 5 minutes ] grade - it heat-treats and 
the negative resist 4 is stiffened. Next, the transparent substrate 5 is 
irradiated via the gray scale mask 3 with the light source 1 which consists of 
UV lamps from the opposite hand of the negative-resist 4 spreading side of 
the transparent substrate 5, it irradiates with the negative resist 4 through 
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the transparent substrate 5 further, and the negative resist 4 is exposed. The 
optical system 2 arranged between the light source 1 and the gray scale 
mask 3 in drawing 1 is an optical lens parallel-izing and for equalizing 
about the light of the light source 1. 

Then, a development is performed to the negative resist 4, and as shown in 
drawing 4, it leaves the remaining part 21 flat around the lens shape part 20 
and the lens shape part 20 on the negative resist 4. 

The gray scale mask 3, It manufactures by the method of manufacturing the 
mask which draws the detailed dot below the method of drawing by the 
electron beam or laser to the photosensitive materials of a silver salt, and 
drawing a shade to a silver salt photo conductor with the intensity of an 
electron beam or laser, or optical resolution with an electron beam 
lithography system, and expresses a shade with the density of a dot by a 
photolitho step etc. 
[0009] 

Since the thickness of the resist which remains after development changes 
with light exposures, about intensity The transmissivity of a mask, . The 
light exposure to resist and the relation of the residual thickness of resist 
from which residual thickness changes with exposure time etc. become like 
the formula 1 shown in drawing 1 1 . The formula 1 is an expression of 
relations publicly known as a formula of lambert raise in basic wages, Cd 
shows a critical light exposure and Eo with a light exposure, the residual 
thickness of the negative resist after development shows it, and Ec in a 
formula shows Dp with penetration depth. 

The relation between the mask concentration from an experiment and the 
residual thickness of resist is shown in drawing 6. The vertical axis in 
drawing 6 shows the residual thickness of the resist after a development, 
and the horizontal axis shows the transmissivity of the gray scale mask. The 
approximation straight lines 25 in a figure have brought the result which 
shows the transmissivity corresponding to the critical light exposure Ec in 
the intersection 26 of the approximation straight lines 25 and the horizontal 
axis of residual thickness zero by the approximation straight lines obtained 
from an experimental value that the horizontal axis of this figure is a 
semilogarithmic graph of logarithmic scale, and in addition drawing 6 
relations applied to the formula 1 correspondingly. 
[0010] 

THB130 of JSR is used for resist, they use the company's specification 
article for a developing solution, and the mask transmissivity of this 
example and the relation of residual thickness are the cases in illumination 
450 mJ/mJ/cm 2 (uv light source) of a mask surface, and exposure time 30 
seconds. 

In actual modeling, after exposing according to the resist and the developing 
solution to be used and defining a developing condition, the mask 
transmissivity of each point corresponding from the height of each point of 
shape which makes and demands a translation table in quest of the 
transmissivity of a mask like drawing 6 and the relation of resist residual 
thickness is set up, and mask manufacture is performed. 
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[0011] 

Shape generation of the convex lens shape part 10 like drawing 2. When 
carrying out. The concentration gradation of the ** gray scale mask 3 from 
the critical light exposure Ec at the place which gives gently-sloping 
gradation which gives transmissivity distribution like drawing 3 in a central 
section, and becomes low about the transmissivity of a periphery highly in 
the transmissivity of the central part, and corresponds to portions with the 
lowest height other than a lens part The irradiation energy of some many. It 
is considered as the becoming transmissivity distribution [ as ]. In order that 
the concentric circle 1 1 may make a mask from that in drawing 3 and may 
make lens shape with the figure from the upper surface, transmissivity equal 
to concentric circle shape is shown. A transverse direction distribution of a 
light exposure the transmissivity distribution 12 and a lengthwise direction 
like the transmissivity distribution 13. Considering it as transmissivity 
distribution which serves as irradiation energy of some many from the 
critical light exposure Ec at the place corresponding to portions with the 
lowest height other than the lens part which is considered as gently-sloping 
distribution and which was mentioned above the illuminance change of 
exposure systems, and the shape change by the sensitivity variation of resist. 
It is for stopping, and since it becomes an irradiation energy exposure of 
some many from Ec, the remaining part 21 of resist arises. 
[0012] 

The transmissivity of the gray scale mask of the portion equivalent to the 
remaining part 21 serves as the minimum light exposure parts 14 and 15 of 
a shape generation part. 
[0013] 

In order to generate the concave lens shape part 22 like drawing 5, concave 
lens shape is acquired after a development by giving gradation like drawing 
7 which becomes [ transmissivity distribution / of a mask ] high about the 
transmissivity of a periphery low in the transmissivity of the central part. 
[0014] 

As for resist, in the light exposure to resist, in the manufacturing method of 
this invention, the resist thickness as which a light exposure is all expressed 
in the expression of relations of the formula 1 in the field more than Ec 
remains after development in the field below the critical light exposure Ec. 
the accuracy of form generated since the substrate upper surface serves as a 
standard and the shape generated can use a highly precise glass plate etc. for 
a substrate can also generate shape with high precision to the conventional 
manufacturing method (the upper surface standard of the resist which used 
the positive resist and was applied ~ it manufactures). 
[0015] 

When resist is generally applied thickly, the profile irregularity and 
thickness variation of a spreading side get worse, but by the method of this 
invention as mentioned above. If it has become more than the height of the 
shape which the minimum resist thickness generates, since resist upper 
surface display flatness does not affect the shape generated, it can also 
generate the shape where height measurement is big, with high degree of 
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accuracy. 
[0016] 

As for the shape generated on resist, it is common to metallic-mold-ize by 
forming a metaled thick film on resist by plating treatment, and the method 
electroforming to which the process of metallic-mold-izing performs thick 
film-ization by electroplating after surface electric conduction processing is 
established. How to carry out shape generation of the resist convex [ of 
drawing 2 ], and to obtain the metallic mold on concave hereafter is 
explained using drawing 10 about exposure, development, electric 
conduction processing, and a thick film plating process in simple. 
Drawing 10 (a) applies the negative resist 4 to one side of the transparent 
substrate 5, the process of exposing the negative resist 4 which passes the 
gray scale mask 3 from the field side of another side of the transparent 
substrate 5 is shown, and drawing 10 (b) shows the state where the resist 50 
which has the lens shape part 20 after development was generated. This 
process uses the gray scale mask 3 of the transmissivity distribution of 
drawing 3, in order to acquire the lens shape shown in drawing 2, as 
mentioned above. Next, electric conduction processing of the surface of the 
resist 50 for which it has the lens shape part 20 obtained at the process of 
drawing 10 (b) is carried out, and after that, by electroplating 
(electroforming), as shown in drawing 10 (c), the metaled thick film plated 
section 23 is formed in the resist 50. Next, as shown in drawing 10 (d), the 
strip of the transparent substrate 5 and the resist is carried out from the 
metaled thick film part 23, after that, outside processing etc. are machined 
and a metallic mold is manufactured. Thus, the minute shape thing which 
has the cubic shape of a micro lens etc. is manufactured using the 
manufactured metallic mold. By the above process, the minute shape thing 
of the big three-dimensional shape of an aspect ratio can be manufactured. 
[0017] 

(A second embodiment) 

This embodiment explains the manufacturing method of the minute shape 
thing for attaining improvement in resolution using drawing 8. In this 
embodiment, negative resist is applied to the mask surface using the mask 
which drew the gray scale on the transparent substrate, and exposure is 
performed from the substrate side. Since resist is directly applied on a mask, 
it becomes possible to stick a gray scale mask and resist thoroughly, the fall 
of the resolution by diffraction of light can be suppressed to the minimum, 
and shape generation still higher definition than a first embodiment is 
attained. 
[0018] 

In this embodiment, the negative resist 32 is used for the 31st page of the 
gray scale mask on the transparent substrate 30, applying it directly. As 
shown in drawing 8, parallelizing and the transparent substrate 30 which 
equalized and drew the gray scale mask on the surface are irradiated with 
the light from UV lamp 1 of a light source using the optical system 2. Like 
arrangement of drawing 8, exposure irradiates with light from the field 
where the negative resist 32 of the transparent substrate 30 is not applied, 
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and it goes into the gray scale mask 3 1 which passed the area pellucida of 

the transparent substrate 30 and was drawn on the transparent substrate 30, 

and it is irradiated with it by the negative resist 32 via a mask. 

With the composition of drawing 8, since a mask surface and resist will be 

in the state of full adhesion and the fall of the resolution by diffraction can 

be suppressed to the minimum, it becomes generable [ the minute shape 

which high resolution was obtained and was not able to reach 

conventionally]. 

[0019] 

In order to obtain high resolution, it is desirable to make parallel light 

irradiated from a light source. 

[0020] 

When this embodiment becomes advantageous when the transmissivity 
distribution of the mask used by this embodiment is almost the same as a 
first embodiment and high resolution is required, but the demand of 
resolution performs shape generation of a large number from a single mask 
low, a first embodiment becomes advantageous in cost. 
[0021] 

(A third embodiment) 

For a start, in a second embodiment, although a mask is stuck to resist or a 
transparent substrate and actual size is exposed, it is also possible to expose 
by carrying out image formation of the mask image on resist using 
reduction or a magnifying optical system. This embodiment shows the 
embodiment which carries out image formation of the gray scale mask 
image on resist using reduction exposure systems, and performs shape 
generation. 
[0022] 

The operation figure of this embodiment is shown in drawing 9. Exposure 
projection is carried out at the negative resist 4 which the light from UV 
lamp 1 of a light source was reduced by the optical system 2, and the light 
from parallelizing and the gray scale mask 3 which it equalizes and is 
irradiated by the gray scale mask 3 was reduced by the reduction optical 
system 40, and was applied to the transparent substrate 5 via the transparent 
substrate 5. In this embodiment, by using a reduction optical system, the 
shape generation below mask drawing size is attained, and still more 
detailed shape generation is attained. 

Since it is reduced by an optical system even if a high definition drawing 
device is required in gray scale exposure in order to carry out smooth shape 
generation, but it uses the mask made with the drawing device with large 
pixel size by using a reduction optical system like this embodiment, smooth 
shape generation is attained. 
[0023] 

For example, the demand of an optic etc. The surface disposition to satisfy. 
If it does not make the size of a dot below sub-micron in using the mask of 
a method which expresses the concentration of a gray scale mask by the 
density of a dot by adhesion or the optical system of 1 time exposure to 
obtain, dot shape will appear in the shape generated on resist, but the 
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reduction optical system of 1 to 10. Since the size of a dot is permitted to 

micron size if it is used, mask drawing becomes easy. 

[0024] 

Composition like this embodiment as mentioned above is suitable for the 

use as which detailed shape and smooth shape are required. 

[0025] 

[Effect of the Invention] 

As mentioned above, according to the manufacturing method of the minute 
shape thing in this invention, it becomes possible to generate high definition 
three-dimensional shape on resist, and the big shape of an aspect ratio is 
also can be manufactured again. As a result, a metallic mold is 
manufactured based on the three-dimensional shape formed on resist, and it 
becomes possible using this metallic mold to manufacture the minute shape 
thing of the big three-dimensional shape of aspect ratios, such as a micro 
lens. 

[Brief Description of the Drawings] 

[Drawing 1] The figure for explaining the manufacturing process which 

manufactures the minute shape thing in a first embodiment. 

[Drawing 2] The schematic diagram showing a convex lens shape part. 

[Drawing 3] The transmissivity distribution figure of the gray scale mask 

for generating the convex lens shape part in drawing 2. 

[Drawing 4] The schematic diagram showing the lens shape part obtained 

by a first embodiment. 

[Drawing 5] The schematic diagram showing a concave lens shape part. 

[Drawing 6] The related figure of gray scale mask transmissivity and the 

residual thickness after the development of negative resist. 

[Drawing 7] The transmissivity distribution figure of the gray scale mask 

for generating the concave lens shape part in drawing 5. 

[Drawing 8] The schematic diagram for explaining the manufacturing 

process of the minute shape thing in a second embodiment. 

[Drawing 9] The schematic diagram for explaining the manufacturing 

process of the minute shape thing in a third embodiment. 

[Drawing 10] Simplified schematic showing the manufacturing process in 

the manufacturing method of the minute shape thing of this invention. 

[Drawing 1 1] The figure showing the formula 1 . 

[Description of Notations] 

1 Light source 

2 Parallel-izing and equalization optical system 

3 Gray scale mask 

4 Negative resist 

5 Transparent substrate 

10 Convex lens shape part 

1 1 Transmissivity lines, such as a concentric circle 

12 Lateral transmissivity distribution 

13 Transmissivity distribution of a lengthwise direction 

14 Transmissivity corresponding to the minimum light exposure 

15 Transmissivity corresponding to the minimum light exposure 
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20 The generated lens shape part 

21 The resist remainder corresponding to the minimum light exposure 

22 Concave lens shape part 

23 Thick film plated section 

30 The transparent substrate which drew the gray scale mask 

3 1 Gray scale mask 

32 Negative resist 

40 Reduction optical system 
50 Resist which has lens shape 
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J; o liz&mojmx v * SB 2 3 £ U h 5 0 fc«^l> . H 1 0 ( d ) fc* 

%k'<vwm}Mxz^v&mzmi¥t&« ^xoizbxmftztitz&mmx. 
nuyxm±mmziitmmmmmm&. &±coxmz£->x, rx^v 

[00 17] 



(5) 
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[0 0 18] 

*a*T1W^Vy'X b 3 2 £jgnjj*183 0±WM X*r~-)WX? 3 1 Hfd&& 

mi. ^-■{ii?i'jx?-ivvx7t:mmmLfcMwm3oizwisi-$>. aso 

t®H^«3 0«3iH^^ji)|g!t"C3iBJ3S«3 oitfltBSiut^u-f x^wkvx:? 3 
1 fcA 0 ? £tf LT ^tfl^X b 3 2 fcH?Jt£ til. . 

m8^ms&Tit^x^mt wx v^^m^m^thmmz^hmmin^&y^ 
mAmznii^t^mhtzmmiMmhti^mmx-^^tzmmmco^m^ 

[00 19] 
[0 0 2 0] 

mmff 0 mm-ommmm^x v mzm 1 a* . 

[00 2 1] 

(gEO&ttigtt) 

«-s m-cnmmBwx'tevxfzuitx h &tzimmmz®m%itT^<nmmft 

[0022] 

El 9 (:*llii«»0J^t. ftffitou V5 yr l i>>t><vit\t%frm (c i DWft 
, X*r-)V?X7 SlzmWiSixh. VVA X^r-lVi X'/ 3frL><r)ffim 

J: a fciffi/Mfi^&ffifflt § £ t fc-k 9Mr<M X<o*# v^jBSSSTfto 

[0023] 

x a ti^ zti&i&vx? mmms, a . 

[00 24] 
[00 2 5] 

&±<d x d t*^Battefts mmmwmmmzxmmmm 3 ^ ^'x 



(6) 
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[02] fll^Xa^fc^tftfttH. 

[03 ] !12tfc(tl>flV>'X^:K^«^fc-^d^X^^x^--^vx^oii3i 

[H4 3 m~mmm?®&ix*\'yzmffl**+mm. 

[05 ] DflVyX»tt»&^i1B«H. 

[06 ] XW X^-;^X^,i3il$fc *#Us>X htf>8t&1&oS#ff § i: offlfflffl. 
[07 ] ^SKfcftSDa^vX^liPS^tS^^U-f x^-;wx^<?)3®fl!(!^ 

0, 

[08 ] m~<nmmm^mmmmmmm^TM^mm-tht^)mm. 
[09 ] mE.(omtimmizmmmmm^mmxmmmtifzib^mm. 

[01 0] *^HJ!(OmW^^t^a^fcH'l>^IS5:^m0„ 

[01 1] TU^tllo 

1 3b» 

3 XW •X^-zl'V.x? 

4 ^tfvvxy 



nmmmm® 
mm* 
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( 9 ) «004-280017 (P2004-280017A) 

[011] 

Ca=D p ln(Eo/E c ) (1) 

£ 0 :l|ftl*^-(mJ/cm 2 ) 
E c :^m%& (mW) 
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